Studies have suggested that significant undiagnosed pathology exists in the intensive care unit (ICU) population, and that bedside transthoracic echocardiography (TTE) can aid prompt diagnosis with potential outcome benefits. This study assesses the introduction of a bedside echocardiography service on patient care in a tertiary university intensive care unit (ICU). Data were collected from 101 TTEs, of which 58 were full studies and 43 were screening TTEs with a limited dataset. Seventy-five scans (74%) revealed previously undiagnosed pathology, which was considered serious in 30 (30%) cases. The most commonly diagnosed pathologies were: severe ventricular dysfunction (n=19), severe valvular dysfunction (n=9) and severe pulmonary hypertension (n=4). Full studies were more likely than screening studies to reveal previously undiagnosed pathology (47/58 vs 28/43 studies, p=0.035). However, the number of patients whose management was changed as a result of TTE was not significantly different between the two groups. Overall, patient management was altered as a result of the TTE in 51 cases (50%), and 11 patients (11%) were subsequently referred for cardiology consultation. In keeping with previous work, we have found that TTE uncovered a high percentage of unsuspected cardiac abnormalities, which impacted management in half of the patients who were scanned.
Introduction
Bedside echocardiography is increasingly used in intensive care, 1 and a number of programmes are now available to train the intensivist to carry out basic bedside transthoracic examinations and interpret their findings. Echocardiography can have an impact on patient management by providing realtime information on cardiac contractility and filling, and by revealing previously unsuspected remediable pathology. [2] [3] [4] Nonetheless, previous work looking at the use of echocardiography in ICU has often had methodological flaws. Two large studies were notable in that TTE was performed in every patient admitted, limiting replicability in the real world. 5, 6 One study described a scanning protocol but gave minimal information on indications, pathology and management, save to say what percentage of the scans were useful based on the investigator' s opinion. 7 Another study deliberately blinded the image interpreter to the patient' s diagnosis, and only assessed usefulness of TTE retrospectively by questionnaire. 8 Finally, a recent large study gave only limited information on the patient' s clinical presentation, with over half of TTEs having 'assessment of left ventricular function' as the sole indication for TTE. 9 We wished to elucidate reasons for bedside TTE in a more detailed manner, with the aim of relating the frequency of findings to the clinical picture triggering the request for TTE. Since the limited 'screening' TTE is likely to become the dominant ICU scanning modality in the future, 10 we also wished to determine what, if any, differences there were between screening TTEs and full scans in terms of pathology detected and management decisions taken.
Methods
In April 2011, a bedside echocardiography service was set up in our ICU, providing the facility for rapid TTE in cases where the attending clinician felt that it would help in diagnosis or management. TTE reports were stored electronically as part of the patient' s clinical record and subsequently collated for service evaluation purposes. The service evaluation was registered with the local department of clinical effectiveness.
The following data were collected retrospectively: the clinical picture leading to the request for TTE; the patient' s cardiorespiratory status and support; the findings of the scan; and management recommendations based on TTE findings. When basic information on cardiac dimensions and contractility was required, a screening study was undertaken. This involved two-dimensional imaging of the heart, with limited Doppler use depending on the operator' s skill and the perceived clinical need. Screening studies were most often done when the patient was haemodynamically compromised, or in the immediate aftermath of a cardiac arrest. When time allowed and where clinically appropriate, a full study was undertaken. The template used for screening scans is enclosed as Appendix 1. For full studies, the standard British Society of Echocardiography dataset was used.
Patients who were referred to cardiology as part of their diagnostic workup and who underwent echocardiography by the cardiology team, were not included in the study.
Data were analysed using descriptive statistics and the chi-squared test between groups where appropriate. Since it is not credible that screening TTEs will consistently reveal more abnormalities than full TTEs, a one-tailed chi-square test was employed for the comparison between full and screening studies. 11 In all other comparisons, the two-tailed version was used.
Results
Between April 2011 and June 2012, 1,267 patients were admitted to the ICU. During this time over 200 scans were performed on the unit. TTEs performed by the cardiology team, transoesophageal scans and scans with only a partial dataset were excluded, leaving 101 TTEs suitable for further analysis, of which 58 TTEs were full scans and 43 were screening scans. A summary of the clinical problem leading to a request for a TTE is given in Table 1 , along with quantification of the abnormalities detected and management changes effected.
In total, 75/101 (75%) scans contained at least one previously undiagnosed abnormality. In 30/101 (30%) scans, at least one abnormality was considered major (severe ventricular dysfunction or valvular abnormality, large pleural or pericardial effusion, severe pulmonary hypertension, valvular vegetation, left ventricular aneurysm or thrombus, hypertrophic cardiomyopathy). In 45/101 scans (45%) the abnormality or abnormalities were considered minor (moderate ventricular dysfunction or hypertrophy, wall motion abnormality, mildmoderate valvular abnormality, moderate pulmonary hypertension, hypo/hypervolaemia, small pleural or pericardial effusion). Trivial valvular incompetence and mild tricuspid incompetence were not counted as abnormalities.
Significantly more abnormalities were detected during full studies (47/58 studies) than during screening studies (28/43 studies), p=0.035. However, there were no significant differences between full and screening studies in the number of major abnormalities detected, or in the number of management changes. A breakdown of the abnormalities revealed by TTE is given in Table 2 .
Patients were either intubated or were receiving inotropic/ vasopressor support in 77/101 studies (76%). The likelihood of a major abnormality or management change was significantly higher in TTEs performed in the context of inotrope/ vasopressor dependence. Table 3 gives a summary of the influence of respiratory and cardiovascular support on likelihood of a 'positive' TTE.
At least one management change was made as a result of the TTE in 51/101 studies (50%) A breakdown of the management changes is given in Table 4 .
Eleven patients were referred to cardiology following TTE. The reasons were: left ventricular (LV) aneurysm, LV systolic dysfunction after out-of-hospital cardiac arrest (three patients), possible new cardiomyopathy (three patients), LV thrombus, aortic regurgitation in the presence of aortic dissection, traumatic tricuspid incompetence, and severe right ventricular failure in the setting of congenital heart disease.
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Trauma 3 1 (33%) 1 (33%) 0 (0%) 1 (33%) Collapse 2 1 (50%) 0 (0%) 1 (50%) 1 (50%) Abnormal CXR 1 0 (0%) 0 (0%) 0 (0%) 0 (0%) Aortic dissection 1 1 (100%) 0 (0%) 1 (100%) 1 (100%) Assess LV 2 1 (50%) 0 (0%) 1 (50%) 1 (50%) Follow-up scan 1 0 (0%) 0 (0%) 0 (0%) 0 (0%) Not documented 1 1 (100%) 0 (0%) 1 (100%) 0 (0%)
Discussion
In this study, we have demonstrated that significant undiagnosed intrathoracic pathology existed within this general ICU population, and that echocardiography guided specific management in half of the cases in which it was deployed. This is in keeping with previous work. 5, 6, 8, 9, 12, 13 This study also suggests that screening TTEs are comparable to full TTEs in terms of major abnormalities detected and their influence on acute patient management. The most 'useful' TTEs (ie, those that were most likely to change management) were performed in the presence of haemodynamic compromise due to sepsis or surgery and the least useful were those performed to assess the cause of persistent hypoxaemia.
Patients who were receiving inotropic or vasopressor agents were significantly more likely to have undiagnosed pathology than those who were not. Although half of the scans performed were 'negative' in the sense that they neither identified new pathology nor influenced specific management, they were nonetheless diagnostically useful in that they excluded suspected pathology and/or ruled out cardiac causes of haemodynamic compromise. Although we report a higher abnormality rate than in previous work, the criteria used to define 'cardiac abnormality' across the literature are heterogeneous and therefore do not lend themselves to meaningful comparison. Additionally, while in some previous studies patients underwent TTE as part of a research protocol, our studies were initiated by the attending clinician on the basis of clinical need, which may account for the higher rate of abnormalities found. 
Original articles

Unique position of ICU echocardiography
Bedside TTE in the ICU differs from 'standard' echocardiography in a number of respects:
• It is important to recognise that in the ICU, there is often no single indication for TTE; instead there is a clinical picture where uncertainty exists, and where bedside TTE can form part of the patient' s extended work-up. Rather than an indication per se, we originally recorded information about diagnosis and cardiorespiratory status, with the aim of showing how TTE can provide answers even when the question is not clear. This is difficult to put across in collated form, where a description of the patient' s clinical condition is perforce reduced to one of a dozen categories. Nonetheless we tried in this paper to give a more detailed list of indications than has been reported in previous work. • There is the possibility to perform a rapid, focused examination which takes just a few minutes and yet provides valuable information to the clinician. 14 
Training
With the establishment of a joint British Society of Echocardiography/ Intensive Care Society accreditation process (Focused Intensive Care Echo (FICE)), a clear, nationally agreed training pathway in basic screening TTE is now in existence. 15, 16 This may replace or subsume some of the ad hoc courses currently available, and help to bring order to the hitherto confusing and acronym-heavy (FEEL, FEAR, INBU, FREE, BEAT, FATE) world of echocardiography training. 7, [17] [18] [19] [20] [21] The new process may in future become compulsory for all UK advanced intensive care trainees, and this study hopefully adds to the body of evidence anchoring basic bedside TTE firmly within the ICU curriculum as a core skill to which every intensivist should aspire.
Screening scans versus full scans
It is axiomatic that a collection of full TTE scans will contain more abnormalities than a collection of screening scans, since the former contains all the information in the latter and more besides. Also, since an obstacle to a full study is poor echo views, there may be a bias toward performing screening scans on difficult patients, with a consequent reduced pick-up rate for subtle pathology. In our study, significantly more abnormalities were found on full scans. However, the number of major abnormalities found did not differ significantly between the two groups, and a similar number of management changes were effected as a result of screening versus full TTEs. One caveat is that, in general, the screening scans in this study incorporated basic colour Doppler, a modality that is not part of the FICE curriculum. This reflects the culture and training of our ICU. Does this mean that FICE basic echo would have missed significant pathology? The major abnormalities that one might expect to miss on screening TTE are severe valvular dysfunction and severe pulmonary hypertension. It is therefore interesting to note that, of the twelve instances of such pathology in this study, all but three were accompanied by severe ventricular dysfunction, which would hopefully have been apparent to the low-skill sonographer and triggered upward referral. The utility of basic scanning in ICU has also been addressed in previous work. One study compared a variety of techniques for assessing cardiac output in ventilated intensive care patients, and found that 'eyeball' estimates outperformed all others. 12 In general, a consistently high correlation is found between basic physician TTEs and full sonographer TTEs in all important parameters. [22] [23] [24] [25] 
Need for cardiology engagement
With all levels of expertise in echocardiography, the need for escalation to a more experienced colleague is a possibility. When the bedside sonographer identifies significant pathology or is unsure of the significance of his findings, there must be an explicit referral pathway to ensure appropriate and timely involvement of a cardiologist. It is sensible to engage with the cardiology department prior to embarking on a bedside echo programme; they have a fund of experience and knowledge, and can help provide the clinical governance backbone and credibility that a nascent service needs. 26 In this study, 11 patients had pathology which required onward referral. These were all cases in which cardiology input would have been required at some stage in the patient' s clinical course, and our impression was that deploying TTE at an early stage in their illness did not significantly increase the cardiology workload. It may well be that identifying such patients early actually decreases the overall cardiology workload by enabling remedial measures to take place at a stage before complete decompensation. However, this would be difficult to prove. 27 Our findings did not take account of TTEs performed under the aegis of cardiology. We excluded such scans because they are not integrated into the ICU computer system, and because the details necessary for our study, in terms of indication, findings and recommendations, were not consistently available from the cardiology records and not directed toward acute ICU management. Had we included those scans, it is likely that we would have found an even higher overall percentage of abnormalities, given the nature of the patient subgroup.
Conclusion
A number of conclusions can be drawn from this study. The establishment of a bedside echocardiography service within a general ICU is feasible, and can have a positive effect on patient care. Even without an explicit 'cardiology' indication, TTE is a useful diagnostic and realtime monitoring modality. Bedside TTE will change acute management half of the time, and in the remaining half will provide useful diagnostic 'rule out.' Pick-up rate for pathology is highest in haemodynamically unstable patients, especially those requiring inotropic or vasopressor support. Finally, basic screening TTE can reveal pathology and influence management at a rate comparable to full TTE. These findings should give encouragement to the growing army of budding sonographers in the intensive care world.
